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M
any-body systems composed of interacting fermions are common in nature, ranging from high-temperature superconductors and Fermi liquids to atomic nuclei, quark matter, and neutron stars. Particularly intriguing are systems that include a shortrange interaction that is strong between unlike fermions and weak between the same type of fermions. Recent theoretical advances show that even though the underlying interaction can be very different, these systems share several universal features (1) (2) (3) (4) . In all of these systems, this interaction creates short-range-correlated (SRC) pairs of unlike fermions with a large relative momentum (k rel > k F ) and a small center-of-mass momentum (k tot < k F ), where k F is the Fermi momentum of the system. This pushes fermions from low momenta (k < k F , where k is the fermion momentum) to high momenta (k > k F ), creating a "high-momentum tail."
In atomic nuclei, SRC pairs have been studied using many different reactions, including pickup, stripping, and electron and proton scattering. The results of these studies highlighted the importance of correlations in nuclei, which lead to a high-momentum tail and decreased occupancy of low-lying nuclear states (5) (6) (7) (8) (9) (10) (11) (12) (13) .
Recent experimental studies of balanced (symmetric) interacting Fermi systems, with an equal number of fermions of the two kinds, confirmed these predictions of a high-momentum tail populated almost exclusively by pairs of unlike fermions (8) (9) (10) (11) (14) (15) (16) . These experiments were carried out using very different Fermi systems: protons and neutrons in atomic nuclei and two-spin-state, ultracold atomic gases. These systems span more than 15 orders of magnitude in Fermi energy from 10 6 to 10 −9 eV and exhibit different shortrange interactions [predominantly a strong tensor interaction in the nuclear systems (8, 9, 17, 18) and a tunable Feshbach resonance in the atomic system (14, 15) ]. For cold atoms, Tan (1) (2) (3) showed that the momentum density decreases as C/k 4 for large k. The scale factor, C, is known as Tan's contact and describes many properties of the system (4). Similar pairing of nucleons in nuclei with k > k F was also predicted in (19) . In this work, we extend these previous studies to imbalanced (asymmetric) nuclear systems, with unequal numbers of the different fermions. When there is no interaction, the Pauli exclusion principle pushes the majority fermions (usually neutrons) to a higher average momentum. Including a short-range interaction introduces a new universal feature: the probability for a fermion to have momentum k > k F is greater for the minority than for the majority fermions. This is because the shortrange interaction populates the high-momentum tail with equal numbers of majority and minority fermions, thereby leaving a larger fraction of majority fermions in low-momentum states (k < k F ) (see Fig. 1 ). In neutron-rich nuclei, this increases the average proton momentum and may even result in protons having higher average momentum than neutrons, inverting the momentum sharing in imbalanced nuclei from that in noninteracting systems. Theoretically, this can happen because of the tensor part of the nucleon-nucleon interaction, which creates predominantly spin-1, isospin-0 neutron-proton (np) SRC pairs (17, 18) .
Here we identify SRC pairs in the highmomentum tail of nuclei heavier than carbon with more neutrons (N) than protons (Z) (i.e., N > Z). The data show the universal nature of SRC pairs, which even in lead (N/Z = 126/82) are still predominantly np pairs. This np-pair dominance causes a greater fraction of protons than neutrons to have high momentum in neutron-rich nuclei.
The data presented here were collected in 2004 in Hall B of the Thomas Jefferson National Accelerator Facility using a 5.014-GeV electron beam incident on 12 C, 27 Al, 56 Fe, and 208 Pb targets. We measured electron-induced two-proton knockout reactions (Fig. 2) . The CEBAF Large Acceptance Spectrometer (CLAS) (20) was used to detect the scattered electron and emitted protons. CLAS uses a toroidal magnetic field and six independent sets of drift chambers, time-of-flight scintillation counters, Cerenkov counters, and electromagnetic calorimeters for charged-particle identification and trajectory reconstruction ( Fig. 2) 
(16).
We selected events in which the electron interacts with a single fast proton from an SRC pair in the nucleus (9, 16) by requiring a large fourmomentum transfer Such interactions create a high-momentum tail (k > k F , where k F is the Fermi momentum of the system). This is analogous to a dance party with a majority of girls, where boy-girl interactions will make the average boy dance more than the average girl.
nuclei. This backward peak is a strong signature of SRC pairs, indicating that the two emitted protons were largely back-to-back in the initial state, having a large relative momentum and a small center-of-mass momentum (8, 9) . This is a direct observation of proton-proton (pp) SRC pairs in a nucleus heavier than 12 C. Electron scattering from high-missing-momentum protons is dominated by scattering from protons in SRC pairs (9) . The measured single-proton knockout (e,e′p) cross section (where e denotes the incoming electron, e′ the measured scattered electron, and p the measured knocked-out proton) is sensitive to the number of pp and np SRC pairs in the nucleus, whereas the two-proton knockout (e,e′pp) cross section is only sensitive to the number of pp-SRC pairs. Very few of the single-proton knockout events also contained a second proton; therefore, there are very few pp pairs, and the knocked-out protons predominantly originated from np pairs.
To C(e,e′p)] cross-section double ratio for nucleus A relative to 12 C. The double ratio is sensitive to the ratio of np-to-pp SRC pairs in the two nuclei (16) . Previous measurements have shown that in 12 C nearly every highmomentum proton (k > 300 MeV/c > k F ) has a correlated partner nucleon, with np pairs outnumbering pp pairs by a factor of~20 (8, 9) .
To estimate the effects of final-state interactions (reinteraction of the outgoing nucleons in the nucleus), we calculated attenuation factors for the outgoing protons and the probability of the electron scattering from a neutron in an np pair, followed by a neutron-proton single-charge exchange (SCX) reaction leading to two outgoing protons. These correction factors are calculated as in (9) using the Glauber approximation (22) with effective cross sections that reproduce previously measured proton transparencies (23) , and using the measured SCX cross section of (24) . We extracted the cross-section ratios and deduced the relative pair fractions from the measured yields following (21); see (16) for details. Figure 3 shows the extracted fractions of np and pp SRC pairs from the sum of pp and np pairs in nuclei, including all statistical, systematic, and model uncertainties. Our measurements are not sensitive to neutron-neutron SRC pairs. However, by a simple combinatoric argument, even in 208 Pb these would be only (N/Z) 2~2 times the number of pp pairs. Thus, np-SRC pairs dominate in all measured nuclei, including neutronrich imbalanced ones.
The observed dominance of np-over-pp pairs implies that even in heavy nuclei, SRC pairs are dominantly in a spin-triplet state (spin 1, isospin 0), a consequence of the tensor part of the nucleonnucleon interaction (17, 18) . It also implies that there are as many high-momentum protons as neutrons (Fig. 1) so that the fraction of protons above the Fermi momentum is greater than that of neutrons in neutron-rich nuclei (25) .
In light imbalanced nuclei (A ≤ 12), variational Monte Carlo calculations (26) show that this results in a greater average momentum for the minority component (see table S1 ). The minority component can also have a greater average momentum in heavy nuclei if the Fermi momenta of protons and neutrons are not too dissimilar. For heavy nuclei, an np-dominance toy model that quantitatively describes the features of the momentum distribution shown in Fig. 1 shows that in imbalanced nuclei, the average proton kinetic energy is greater than that of the neutron, up tõ 20% in 208 Pb (16) . The observed np-dominance of SRC pairs in heavy imbalanced nuclei may have wide-ranging implications. Neutrino scattering from two nucleon currents and SRC pairs is important for the analysis of neutrino-nucleus reactions, which are used to study the nature of the electro-weak interaction (27) (28) (29) . In particle physics, the distribution of quarks in these high-momentum nucleons in SRC pairs might be modified from that of free nucleons (30, 31) . Because each proton has a greater probability to be in a SRC pair than a neutron and the proton has two u quarks for each d quark, the u-quark distribution modification could be greater than that of the d quarks (19, 30) . This could explain the difference between the weak mixing angle measured on an iron target by the NuTeV experiment and that of the Standard Model of particle physics (32) (33) (34) .
In astrophysics, the nuclear symmetry energy is important for various systems, including neutron stars, the neutronization of matter in corecollapse supernovae, and r-process nucleosynthesis (35) . The decomposition of the symmetry energy at saturation density (r 0 ≈ 0.17 fm −3 , the maximum density of normal nuclei) into its kinetic and potential parts and its value at supranuclear densities (r > r 0 ) are not well constrained, largely because of the uncertainties in the tensor component of the nucleon-nucleon interaction (36) (37) (38) (39) . Although at supranuclear densities other effects are relevant, the inclusion of high-momentum tails, dominated by tensor-force-induced np-SRC pairs, can notably soften the nuclear symmetry energy (36) (37) (38) (39) . Our measurements of np-SRC pair dominance in heavy imbalanced nuclei can help constrain the nuclear aspects of these calculations at saturation density.
Based on our results in the nuclear system, we suggest extending the previous measurements of Tan's contact in balanced ultracold atomic gases to imbalanced systems in which the number of atoms in the two spin states is different. The large experimental flexibility of these systems will allow observing dependence of the momentumsharing inversion on the asymmetry, density, and strength of the short-range interaction.
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Recherche An understanding of the formation of large magmatic reservoirs is a key issue for the evaluation of possible strong volcanic eruptions in the future.We estimated the size and level of maturity of one of the largest volcanic reservoirs, based on radial seismic anisotropy. We used ambient-noise seismic tomography below the Toba caldera (in northern Sumatra) to observe the anisotropy that we interpret as the expression of a fine-scale layering caused by the presence of many partially molten sills in the crust below 7 kilometers. This result demonstrates that the magmatic reservoirs of present (non-eroded) supervolcanoes can be formed as large sill complexes and supports the concept of the long-term incremental evolution of magma bodies that lead to the largest volcanic eruptions.
T he size and type of a volcanic eruption depend on the processes that occur in the magmatic reservoirs in Earth's crust. In particular, the largest eruptions require the building of extended pools of viscous gasrich magma within the crust (1-3) . In the present study, we investigated the magmatic system that produced one of the strongest eruptions in the Quaternary: the Toba event that occurred 74,000 years ago in northern Sumatra, Indonesia (Fig. 1) , and emitted at least 2800 cubic kilometers of volcanic material (4). This catastrophe is believed to have affected the global climate and to have had a strong impact on the biosphere (4, 5). The event was preceded during the previous 2 million years by at least four other eruptions in nearby locations that had volcano explosivity indices above 7 (4). The generation of this exceptional sequence of eruptions could be possible with the existence of a very large magma reservoir in the crust that formed over a long period of time (>1 million years) (6) . Considering the relatively short period of time that has passed since the main Toba event, the structures that were responsible for the formation and functioning of this reservoir are expected to be well preserved in the Sumatra crust to date. Combined with previous geophysical investigations, the new data presented here provide us with information about the structure of the Toba volcano-magmatic complex and help us to better understand the internal structure and ascent mechanism of large magma volumes through the crust before their super-eruptions.
Geological observations of eroded and exposed past volcanoes and geodynamic models indicate that volcano-magmatic reservoirs evolve over long periods of time and grow in small increments, with the formation of dykes or sills (2, 3, (7) (8) (9) . However, the exact mechanisms involved in the ascent and emplacement of the magma in the crust beneath active volcanoes are not yet completely understood, mainly because of the lack of detailed information about the structures of volcanomagmatic complexes below volcanoes in their most productive phase. Large-scale images of zones affected by melts can be obtained with magnetotelluric methods (10) and with seismic tomography (11) . Some signatures of large crustal intrusions can also be detected by receiver functions (12) . However, the individual dykes or sills within magmatic complexes that have metric or decametric thicknesses (7) cannot be deduced from geophysical imaging alone, and as layered intrusions, their interpretation requires additional geological information (13 Fig. 3 ; red circles, locations where 1D inversion is illustrated in figs. S6 and S8. (Inset) Location of the Lake Toba region within northern Sumatra.
